Abstract-The huge amount of molecular data is available in online biological databases for analysis. This data consist of information which can be used in the field of biomedical industry. One of the major issues is the analysis of this data because the uncertainty in relationships among various fields of this data. There are various algorithms existing for association rule mining but they are not fully capable of addressing the issues of uncertainty in molecular data. Some uncertainty arises due to ignorance of the parameters because objects and their patterns are dependent on the parameters. The degree of relationships among various amino acids present in the molecular sequences depends on the parameters like length ranges and species. In this paper a soft set approach has been proposed for mining amino acid associations in peptide sequences of Mycobacterium tuberculosis complex (MTBC). The soft set has been employed to model the degree of relationships of amino acids with the parameters like length ranges and species. The association rules are generated and used to compute the secondary structures and physicochemical properties of peptide sequences of MTBC. The patterns obtained can be used as signatures which will provide better insights of molecular processes of the disease.
INTRODUCTION
SSOCIATION RULE MINING is a popular method for discovering interesting relations between variables in large databases. It is intended to identify strong rules discovered in databases using different measures of interestingness [Piatetsky-Shapiro, 1]. Based on the concept of strong rules, Agrawal et al., [2] theory of probability, theory of fuzzy sets [Zadeh, 17] , theory of intuitionist fuzzy sets [Atanassov, 18] , theory of vague set [Gau & Buehrer, 19], theory of interval mathematics [Moore, 20] and theory of rough sets [Pawlak, 21] which can be used as mathematical tools for dealing with uncertainties. But all these theories have their own limitations. Possibly the reason of these limitations is the inadequacy of the parameterization tool of these theories. To overcome these limitations Molodtsov [22] introduced the concept of soft set as a new mathematical tool for dealing with uncertainties. Herawan & Mustafa [23] proposed soft set based algorithm for association rule mining. From the literature survey it is observed that no attempts are reported for mining soft set based amino acid associations in the peptide sequences of MTBC.
Mycobacterium tuberculosis complex is a cause for chronic infection 'tuberculosis (TB)' which is the leading cause of death from various infectious diseases. The M. tuberculosis complex comprises [Cole, 24] six members: M. tuberculosis, the causative agent in the vast majority of human tuberculosis cases; Mycobacterium africanum, an agent of human tuberculosis in sub-Saharan Africa; Mycobacterium microti, the agent of tuberculosis in voles; Mycobacterium bovis, which infects a very wide variety of mammalian species including humans, and BCG (bacille Calmette-Guérin), an attenuated variant of M. bovis; and Mycobacterium canettii, a smooth variant that is very rarely encountered but causes human disease. Increasingly MTBC has developed resistance towards the drugs that cure TB. Globally in 2012, an estimated 450 000 people developed multidrug-resistant TB (MDR-TB) and there were an estimated 170 000 deaths from MDR-TB [25] .
Aminian et al., [26] presented a novel Bayesian network (BN) to classify strains of Mycobacterium tuberculosis Complex (MTBC) into six major genetic lineages using mycobacterial interspersed repetitive units (MIRUs), a highthroughput biomarker. Brosch et al., [27] provided an overview of the diversity and conservation of variable regions in a broad range of tubercle bacilli. Shabbeer et al., [28] developed TB-Lineage, an online tool for classification and analysis of strains of Mycobacterium tuberculosis complex.
In this paper an attempt has been made to propose the soft set model for mining amino acid associations in peptide sequences of species of MTBC.
II. MATERIAL AND METHODS
The data of peptide sequences of all species of MTBC have been taken from NCBI [29] . The dataset is filtered to obtain non redundant dataset. This dataset of non redundant sequences is used for mining amino acid association patterns. 
Soft association pattern represents the associations of amino acids with their parameter e which is represented as
We can define a set of parameters E with respect to which the amino acids patterns can be explored in these peptide sequences. In the present study we consider a set of parameters as given below:
Where LR denotes the Length Range of sequences and SP denotes the species of MTBC sequences and SUS denotes susceptibility of species. Here the length range LR is assumed to be in three categories LOW, MEDIUM, HIGH. The length ranges for these three categorical values is determined by the following expression. (6), (7) and (8) 
Soft Set Approach
Each sequence is viewed as a transaction containing twenty amino acids as given in expression (3). For studying the frequent patterns in MTBC sequences frequency can be calculated as: 
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(15) Similarly support for all the amino acids present in each species is calculated by expression (15) . The amino acids whose support value is greater than threshold value will be the frequent 1-amino acid sets. These frequent 1-amino acid sets are used to generate frequent 2-amino acids sets and similarly frequent k-amino acids sets are generated. The Apriori property is used for efficient generation of level -wise k-frequent amino acids sets (k =1to20).
The 
III. RESULTS AND DISCUSSION
The results of soft associations are displayed in Table 1 . The differences in the results are highlighted in bold in Table 1 in column 3 and 4. The amino acids A, G, L, V, S, T, R, D, P are predicted as frequent-1 amino acid patterns for (SP1,R1), amino acids patterns A, G, L, V, S, T, P for (SP1, R2) and amino acids patterns A, F, G, I, L, V, N, S, T for (SP1, R3) as shown in column 4 in Table 1 . Maximal association patterns are AGLPV, AGLRV, and AGLTV for (SP1, R1); AGLPSTV for (SP1, R2) and AFGLST, AGILST, AGINST, AGLSTV for (SP1, R3) as shown in column 5 in Table 1 . Same interpretation can be made for remaining species. The Table 2 presents the probable secondary structure of proteins present in all the species of MTBC for soft approach. In R1, R2 and R3 ranges the frequent-1 pattern, frequent-2 patterns and frequent-3 patterns of amino acid associations supporting formation of helix, coil and sheet are predicted in Table 2 . The results displayed in Table 2 indicate that all the species have tendency to form helix structure frequently for all three ranges. For ranges R1 and R2 higher frequent amino acid patterns are not found for sheet and coil formation so the tendency to form helix structure frequently is justified. Table 3 describes the physiochemical properties of maximal frequent amino acid patterns in R1, R2 and R3 for all species of MTBC by soft approach. 
IV. CONCLUSION
The soft set approach is proposed and employed to mine amino acid association patterns in the peptide sequences of species of MTBC. Soft set approach takes care of uncertainties due to dependence of patterns on parameters and thus is superior to the fuzzy set and ordinary set approaches. The interesting association rules among amino acid of species of MTBC have been generated by the soft approach. Also the physicochemical properties and secondary structures have been predicted based on amino acid association patterns in peptide sequences of species of MTBC. The association patterns and rules generated can serve as signatures for getting better insights of the molecular processes in species of MTBC.
